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TECHNICAL NOTE
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Summary Fractures of the distal femur are rare and occur in two distinct population cate-
gories: young patients after high energy traumas and elderly patients who fall from their full
height, and often carry severe co-morbidities making especially difﬁcult to manage theses com-
plex injuries. In elderly patients the potential complications are numerous including infection,
non-union and frequent function deterioration. We present a technique of minimally invasive
internal ﬁxation of the distal extra-articular femur using a locking plate and present the tricks
of the trade to obtain successful reduction and achieve union. The hardware used includes plate
ﬁxation with a large fragment locking screw. This minimally invasive surgery combines stability
of the internal ﬁxation device with the principles of closed surgery, allowing early mobilization
and immediate weight bearing to warrant good functional recovery.
© 2011 Elsevier Masson SAS. All rights reserved.
c
eIntroductionFractures of the distal femur are rare [1]. This fracture
occurs in two distinct populations, young patients who are
victims of high energy traumas and elderly patients who
fall from their full height and who often have signiﬁcant
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doi:10.1016/j.otsr.2010.11.004o-morbidities making management of this complex entity
specially difﬁcult. The possible complications are numer-
us in elderly patients including infection, pseudarthosis and
requent loss of function [1,2].
There are several types of internal ﬁxation and the choice
epends upon the extent of articular damage and the sur-
ical school. The choice must be made between plates
nd retrograde or even antegrade nailing. We present a
inimally invasive technique for internal ﬁxation with a
ocking plate, with special emphasis on the tricks of the
rade to obtain good quality reduction and allow immedi-
served.
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Figure 1 Ancillary LISS. A. Reduction with special instruments
to pull the bone to the plate. B. Targeting sleeve and drill. C.
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tistal targeting sleeve to insert a 2mm pin to control the posi-
ion and height of the plate. This targeting sleeve also stabilizes
he distal ancillary part of the plate.
te postoperative weight bearing. This technique optimizes
anagement of frail, elderly patients. It combines stabil-
ty of the internal ﬁxation device and preservation of the
racture hematoma to improve recovery of function.
urgical technique
aterial
nternal ﬁxation hardware includes titanium plates with
arge fragment locking screws (LCPTM, Synthes, Etupes
rance). The plate model is unique, anatomical and adapted
o the distal femur. The ancillary Less Invasive Sta-
ilisation System (LISS) is systematically used for easy
xtra-periosteal insertion and especially to facilitate locked
crewing (Fig. 1). The so-called ‘‘combined’’ holes in the
late make it possible to use standard or locking screws.
tandard screws can be used for bone to plate ﬁxation by
ag screw and compression instead of dynamic compression
lates (DCPTM, Synthes, Etupes France). The locking screw
ystem creates a monoblock assembly for ‘‘internal ﬁxa-
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igure 2 Position to prevent recurvatum. a: positioning on a fract
n a standard table in the decubitus dorsal position, with the contral
he femur but not the popliteal groove.M. Ehlinger et al.
or’’. Finally the different screws can be combined to create
mixed system. In addition, there are speciﬁc instruments
o draw the bone as close to the plate as possible (Fig. 1).
nstallation
he patient is in the decubitus dorsal position for the surgical
rocedure either on a traction or standard operating table.
he surgical technique on the traction table is the same
s for endomedullary nailing of the femur. Traction can be
btained by boot or tibial pin, because a femoral pin cannot
e used due to the proximity of the fracture. The tibial trac-
ion pin should be in an anterior position to indirectly correct
ecurvatum of the distal fragment caused by contraction of
he gastrocnemius muscles. Pressure can be applied under
he femur from the traction table for direct control of any
ecurvatum of the distal fragment (Fig. 2a). If the proce-
ure is performed on a standard operating table assistance is
equired during surgery for traction of the limb along its axis
nd to control rotation. The controlateral limb is placed in a
ynecological stirrup, while being careful of any existing co-
orbidities, which might limit mobility. A round cushion or
heets are placed under the distal femur to compensate for
ny secondary recurvatum. The cushion must not be placed
n the popliteal groove (Fig. 2b). If surgery is performed on
standard table perioperative control anteroposterior and
ateral view X-rays (ﬂuoroscopy?) should be available. The
ype of table depends on what the surgeon is used to, as
oth are adapted to treating this type of fracture.
urgical approach
his is a minimally invasive procedure, thus unlike in
eriprosthetic fractures, thorough preoperative planning
nd marking is essential (Fig. 3) to guide the procedure
nd reduce radiation exposure times. These guide marks are
mportant because they help obtain appropriate positioning
f the plate on the frontal plane and in proﬁle to prevent
ny poor positioning and malunion.
The different guide marks are drawn under ﬂuroscopic
ontrol. The limits of the fracture (proximal and distal), the
oint space of the knee and the upper edge of the patella
re identiﬁed on coronal (frontal) views. The axis of the
emoral diaphysis is drawn on proﬁle views so the plate
ure table, with a support under the distal femur; b: placement
ateral limb on a gynecological stirrup and a round pillow under
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Figure 3 Marks to control the limits of the fractures. A. Con-
trol of the diaphyseal femoral axis. B. Shaded area shows the
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when the most epiphyseal screws are parallel to the joints.fracture and its distal and proximal ends. C. Mark for the lateral
incision. Full arrow: upper end of the patella. Broken arrow:
joint space.
can be positioned along the femur for perfect alignment
of the plate and the incision. The incision is lateral, distal
and paracondylar (Fig. 4). The goal is for surgery to remain
minimally-invasive.
Reduction and ﬁxation
The aim is to restore the anatomical and thus the mechan-
ical axis of the limb. There are two phases to reduction:
peroperative and perioperative.
The preoperative phase includes traction of the injured
limb along its axis on the traction table or with assistance
C
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Figure 5 Tricks of the trade for fracture reduction. a: intrafocal
Signiﬁcant recurvatum of the distal fragment. B. reduction and booti
ative ﬂuoroscopic coronal image after plate insertion. D. Fluoroscopi
of the anterior cortices; b: control of correct positioning of the level
2mm pin parallel to the joint space.igure 4 Perioperative minimally invasive approach: para-
ondylar incision to insert the plate and proximal incisions to
nsert the screws.
n a standard operating table. This traction is the ﬁrst step
n reduction.
The peroperative phase includes additional reduction
aneouvres (Fig. 5) corresponding to the ‘‘tricks of the
rade’’, which are commonly used in our unit. A temporary
ntrafocal pin (Fig. 5a) can be used to reduce overlap from
ecurvatum, ﬂessum or translation. The pin is kept in place
ntil both fragments have been stabilized with at least two
crews each. The anatomical design of the distal femoral
late serves as a mold for reduction. The position is correctorrect frontal positioning of the plate is controlled ﬂuro-
copically by inserting a 2mm pin into a speciﬁc targeting
leeve that should be parallel to the joint space (Fig. 5b). On
roﬁle views the plate should be aligned along the femoral
pin. A. Perioperative ﬂuoroscopic control image sagittal view.
ng of the fragment thanks to an intrafocal square. C. perioper-
c control sagittal view. Reduction of the fracture and alignment
of the plate to use the anatomical form of the plate as a mold:
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iaphysis. The position is correct when the anterior cortex
s parallel to the anterior edge of the plate. Since this is a
onoblock internal ﬁxation system, it does not need to be
ush to the bone. Nevertheless, the plate should be par-
llel to the entire femoral diaphysis whether it is touching
he bone or not. Under no circumstances should the gap
etween the plate and bone be different at the diaphysis
nd the epiphysis, as this position creates a risk of malunion.
or example a valgus malalignment can occur if the plate is
ouching the bone proximally but not distally. In this case
he parallel position of the screw is no longer a criteria for
orrect positioning. Correct positioning of the plate is essen-
ial and makes it possible to use its anatomical structure to
onﬁrm good quality reduction. Control of the proﬁle view
onﬁrms that the screws are actually screwed into bone and
re not tangential to the cortex, which can cause secondary
echanical failure. An indirect way to use the anatomical
tructure of the plate is by attaching the bone to the plate
ith a standard return screw so that the plate serves as
mold for reduction. This also helps prevent translation of
ragments. It is important to pull the bone towards the plate
nd not vice versa. Titanium, which is the material we use,
s elastic and can become deformed. If the plate is deformed
y being pulled to adapt to the bone, ﬁxation of a displaced
ragment could occur, resulting in a risk of valgus malunion,
or example.
rocedure for internal ﬁxation and immediate
ost-operative weight bearing
e allow immediate postoperative weight bearing as long
s there is no pain. The goal is to restore patient autonomy
nd reduce the complications of lying in the decubitus dorsal
osition. The fracture and the internal ﬁxation must meet
ertain criteria before weight can be applied to the leg:
extra-articular fracture only;
minimally-invasive technique which preserves the frac-
ture hematoma for so called biological osteosynthesis [3];
long internal ﬁxation with at least ﬁve proximal holes
above the fracture site. Ideally three locking screws
should be inserted with a hole separating each. This allows
for better distribution and absorption of stresses;
at least three screws to stabilize the proximal fragment
and 4 distal metaphyso-epiphyseal screws depending on
the space available;
bicortical screws should be systematically used to
increase the strength of internal ﬁxation and limit tearing
[4];
unicortical screw at the proximal end of the plate to
evenly distribute stresses and reduce the risk of fatigue
fracture in fragile bone [5];
placement of screws near the fracture site in ‘‘complex’’
fractures to increase rigidity of the internal ﬁxation
device [6] and further from the fracture site in ‘‘simple’’
fractures by leaving a hole free between each. The elas-
ticity of titanium is then intact which is beneﬁcial for
union in simple fractures. This prevents excessive screw-
ing, concentrating stress and the risk of stress fracture
from the material [6].
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uccess criteria
uccess criteria for this procedure are restoration of an
natomical and thus mechanical axis while preserving the
inimally invasive nature of surgery. Exact reduction of frag-
ents and ﬁtting of the fracture is not the goal. However, if
eduction is unsatisfactory, a limited open surgical approach
hould be performed to correct muscle interposition. An
xial deviation of less than 5◦ on the frontal (coronal) or in
roﬁle (sagital) plane is usually considered acceptable in the
iterature. [7]. Reliable radiological criteria are important to
valuate the quality of reduction. It should be remembered
hat the condyles should overlap perfectly in a high qual-
ty ﬂuoroscopic sagital view image. These criteria are the
asis for control of the coronal view which is perpendicu-
ar to the sagital view. Alignment and the correspondence
etween cortical thicknesses on coronal and sagital views
lso help conﬁrm successful correction. Obviously the best
ay to avoid errors is to follow the recommendations pre-
ented here. Finally, plate positioning should be optimum to
revent any risk of malunion.
iscussion
heoretically, the titanium LCP we describe here provides
etter stabilization of osteoporotic bone [3,8—13]. Unlike
ougherty et al. [4] we propose the systematic use of bicor-
ical screws which results in three points of stabilisation
two cortical + the plate) to limit tears. Titanium provides
etter anchoring to bone because of greater biocompatibil-
ty. The association of triple screw ﬁxation, the monoblock
evice and the material guarantees better long-term sta-
le internal ﬁxation in fragile bone and resistance to tears
6,8,10,14]. The minimally-invasive technique we describe
llows biological internal ﬁxation by preserving the fracture
ematoma, as in endomedullary nailing while preserving the
eriosteum and the surrounding soft tissues because there
s no open surgery [9,11,12]. By allowing weight bearing if
nternal ﬁxation is successful, time to union, time in bed and
he complications of the decubitus dorsal position are lim-
ted [14]. The proposed technique associates the principle of
minimally invasive approach and stable internal ﬁxation.
ecause the screws are locked, the plate need not be ﬂush
ith the bone to obtain primary stability by the ‘‘friction
ffect’’ [9,11], thus preserving peripheral vascularisation
nd limiting bone resorption under the plate.
Recent experimental data in the literature provide fur-
her details on the mechanical rules for these devices. For
hmad et al. [15] the device should be fairly close to the
one despite the ‘‘monoblock’’ design of this type of inter-
al ﬁxation. In their experimental study of Sawbone®, they
oncluded that a distance of less than 2mm provides better
esistance to compression and torsion. Plastic deformation
as signiﬁcant when the gap exceeded 5mm. LCP plates
ave combined screw holes allowing the use of the ‘‘LCP
nternal ﬁxator’’ system the ‘‘DCP dynamic compression’’
ystem or mixing both systems. A recent study by Stoef-
el et al. [16] compared these three types of utilization
f the LCP plate systems on supracondylar + intercondylar
istal femur fracture models. The ‘‘LCP internal ﬁxator’’
ystem was the most rigid during axial compression and had
es
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in plate osteosynthesis: the effect of plate-to-bone compres-Minimally invasive internal ﬁxation of distal femoral fractur
the least amount of plastic deformation. The DCP system
resisted torsion better. Thus, the authors suggest using a
mixed system. Finally, it should be remembered that Bott-
lang et al. [5] suggest using standard screws at the proximal
end of the plate in fractures on very fragile bone to limit
stress and prevent the risk of underlying stress fractures.
This type of assembly increases resistance during ﬂexion
without changing resistance to compression or torsion.
Our experience is based on a series of 47 fractures of the
distal femur treated by locking plate between January 2005
and December 2008. This included 18 extra-articular frac-
tures, which were treated by a minimally invasive approach.
There were six men and 12 women mean age 66 (34—94).
Fractures were mainly type A1 according to the AO [17].
The procedure was performed on a standard table in 11
cases and a traction table in 7 cases. Full weight could be
applied in 11 cases, partial weight for 6 weeks in one case,
no weight for 6 weeks in four cases and two patients were
bedridden when the fracture occurred. There were three
complications: superﬁcial venous thrombosis, a superﬁcial
infection treated with draining and appropriate antibiotics
and aseptic pseudarthrois treated with decortication and
grafting. Finally, there were two cases of valgus malalign-
ment of more than 5◦. Both cases were clearly due to a
technical error-failure to obtain parallel alignment of epis-
physeal screws. There was no malalignment on the sagital
plane greater than 5◦.
This minimally invasive approach is highly technical and
rigorous and a learning curve is clearly necessary. The tech-
nical tricks of reduction must be known. Besides sufﬁcient
expertise, it should be noted that this technique should be
limited to extraarticular fractures, or for ﬁxation of a simple
non displaced articular fractures. Minimally-invasive surgery
is not an end in itself. The goal should be to obtain high
quality reduction at the level of bone axis. Therefore if nec-
essary, the strategy should be changed to a surgical approach
to reduce the fracture using a temporary bone forceps in
particular in the presence of muscle interposition.
Since this is not open surgery, the problem of periopera-
tive radiation must be mentioned. Preplanning, the position
of the patient and implementation of cutaneous marking are
essential to minimize exposure to radiation as much as possi-
ble. To our knowledge, there are no results in the literature
on perioperative radiation during minimally invasive internal
ﬁxation with a locking plate.
Placing the patient in the decubitus dorsal position is an
important advantage in this elderly population. The absence
of open surgery and signiﬁcant muscular detachment limits
blood loss (this has not yet been evaluated in our unit) and
immediate postoperative pain.
Conclusion
Minimally-invasive internal ﬁxation of distal extra-articular
fractures of the femur with a locking plate is an elegant but
difﬁcult technique. It associates the principles of internal
ﬁxation in a closed fracture site with assembly stability. It is
essential to follow the rules that we suggest to obtain stable
internal ﬁxation of the device and successful reduction. The
goals of this technique are rapid weight bearing, facilitating
functional recovery and obtaining good quality union.
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